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An optoelectronic light emitting device includes a pixel with
a transparent or translucent carrier substrate, on which a
semiconductor light emitting arrangement with at least one
micro LED 1s arranged. The micro LED extends over a
partial area of the pixel. The main radiation direction of the
semiconductor light emitting arrangement 1s directed onto a
backscattering surface element arranged behind the trans-
parent carrier substrate in viewing direction. The semicon-
ductor light emitting arrangement includes a beam shaping
clement.
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OPTOELECTRONIC LIGHT EMITTING
DEVICE AND MANUFACTURING METHOD

CROSS REFERENCE TO RELATED
APPLICATION

This application 1s a National Stage of International
Application No. PCIT/EP2019/085639, filed on Dec. 17,

2019, which designates the United States and was published

in Europe, and which claims priority to German Patent
Application No. 10 2018 132 542.8, filed on Dec. 17, 2018,

in the German Patent Office. Both of the aforementioned
applications are hereby incorporated by reference 1n their
entireties.

The invention relates to an optoelectronic light emitting,
device and a method for manufacturing the optoelectronic
light emitting device.

Semiconductor light sources with edge lengths smaller

than 100 um and typically smaller than 25 um are known, for
example, from U.S. Pat. No. 6,410,940 B1 and are referred

to as micro LEDs (ULEDs) 1n the application as p-n light
emitting diodes. Micro LEDs mostly based on indium gal-
lium nitride (InGaN) and comprising at least one quantum
well exhibit higher energy efficiency than conventional-
sized light emitting diodes or carbon-based light emitting
diodes (OLEDs) and are also long-lasting. Their application
for high-resolution displays of mobile devices and for large-
format optoelectronic light emitting devices 1s correspond-
ingly advantageous.

For spectral adjustment of the light emission, micro LEDs
can be connected with wavelength converters to form pack-
ages.

From U.S. Pat. No. 8,928,021 B1 an arrangement with at
least one micro LED, a light gmiding structure covering it
and a cladding with a phosphor material containing quantum
wells as wavelength converter 1s known.

WO 2011/082497 A1 discloses an optoelectronic package
with at least one bottom-emitting LED as a light source,
which 1s arranged on one side of a transparent carrier
substrate. On the substrate side opposite the light source,
there 1s a phosphor layer for spectral adaptation of the light
visible to the observer. Furthermore, alternative embodi-
ments are described for which the electromagnetic radiation
emitted by the LED first strikes a backside reflector before
entering the phosphor layer.

Furthermore, primary optics on LEDs, light guiding ele-
ments directly connected to them, and reflective beam
guides that form semiconductor light emitting arrangements
with LEDs are known. Exemplary reference 1s made to US
2016/0149 101 Al, DE 10 2017 104 871 Al, DE 10 2011
003 988 Al, DE 10 2009 033 287 A1, DE 10 2010 009 717
Al, DE 10 2011 015 726 A1, DE 10 2016 106 494 Al and
DE 10 2013 218 268 Al.

The small-area active layer of micro LEDs leads to
significant differences between spot-1lluminated and dark
arcas when viewing a single pixel area 1n typical applica-
tions with a low packing density. This so-called door shadow
cllect (screen door eflect) 1s particularly evident at a low
viewing distance and thus especially 1n applications such as
VR glasses- or video walls with a large pixel pitch. Sub-
pixel structures are usually noticed and perceived as annoy-
ing when the illumination difference within a pixel continues
periodically across the matrix arrangement of the display.

To solve this problem, US 2017/0062674 Al proposes to
surround vertically emitting micro LEDs with light guides
that act as diffusers and beam expanders in the viewing
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direction. The light guides extend between optical 1solators
that separate the illumination of adjacent pixels.
Furthermore, US 2016/0178907 A1l describes a semicon-
ductor display for which the light emitted by a small-area
light source in the direction of the observer 1s directed via a
widening diffuser to a pixel-filling lens that produces an
essentially parallel beam path in the further course of the
beam. Another proposal for reducing the screen door efect
with the aid of an arrangement of micro lenses and associ-
ated apertures in front of the semiconductor light sources 1n
the viewing direction can be found in EP 3 240 037 Al.
Furthermore, EP 3 396 434 Al proposes to place refrac-
tive gratings above the light sources that only partially fill
the pixel area m order to increase the illumination area.

Further refractive optics for improving the pixel illumination
level are described by WO 2017/139245 Al. Alternatives

designate WO 2018/026851 Al and WO 2013/059489 Al,
with WO 2018/026851 Al disclosing the use of phase
optical components. WO 2013/0359489 A proposes to
arrange a plate-shaped translucent diffuser element 1n front
of a small-area light source 1n the viewing direction at a
distance adapted to the aperture angle of light generation 1n
such a way that pixels appear 1lluminated but still optically
separated from neighboring pixels. This leads to a display
that 1s large 1n the main beam direction and to intensity
losses. Furthermore, the alorementioned measures to reduce
the screen door etlect require additional optical components
to be positioned separately, which complicates the manu-
facturing of optoelectronic light emitting devices compris-
ing micro LEDs.

One object of the mvention 1s to reduce the screen door
cllect for an optoelectronic light emitting device with at least
one micro LED occupying a partial pixel area by using as
few 1ndividually components to be handled per pixel as
possible. At the same time, the overall arrangement should
have a small overall depth in the viewing direction. In
addition, a method for manufacturing the optoelectronic
light emitting device shall be specified.

The object 1s solved by the features of claim 1 or by the
features of claim 14, insofar as this i1s regarded as an
independent claim. The object regarding the manufacturing
method 1s solved by the features of claim 15.

An optoelectronic light emitting device according to the
invention comprises at least one pixel with a transparent or
translucent carrier substrate, on which optionally a pixel
micro control unit and a semiconductor light emitting
arrangement with at least one micro LED, which extends
over a partial area of the pixel, are arranged, wherein a main
radiation direction of the semiconductor light emitting
arrangement 1s directed onto a backscattering surface ele-
ment arranged behind the transparent or translucent carrier
substrate in viewing direction, and wherein the semiconduc-
tor light emitting arrangement comprises a beam shaping
clement.

In the optoelectronic light emitting device according to
the invention, a homogeneous and large-area 1llumination of
a pixel with electromagnetic radiation emanating from a
small-format micro LED can be achieved by the observer
looking at an illuminated backscattering surface element
instead of the light source. The observer looks through the
transparent or translucent carrier substrate and thus through
the plane of the pixel(s).

In the optoelectronic light emitting device according to
the mvention, a pixel comprises a transparent carrier sub-
strate, which can also be partially transparent, 1.e. translu-
cent, and can, for example, be made of glass, sapphire or a
transparent polymer. On the translucent carrier substrate, a
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pixel micro control unit and a semiconductor light emitting,
arrangement with at least one micro LED, which extends
over a partial area of the pixel, are preferably arranged 1n
such a way that the main radiation direction of the semi-
conductor light emitting arrangement 1s directed onto a
backscattering surface element arranged behind the trans-
parent carrier substrate in the viewing direction. The view-
ing direction 1s understood to be the viewing direction from
the eye of an observer to the illuminated pixel area. The
observer 1s located 1n front of the pixel area, which 1s thus
located between the observer and the surface element.

Preferably, no direct light emission reaches the observer’s
eye Irom the semiconductor light emitting arrangement with
at least one micro LED, so that only the electromagnetic
radiation emanating from the i1lluminated, backscattering
surface element and passing through the transparent or
translucent carrier substrate i1s visible. Accordingly, the
semiconductor light emitting arrangement generates a
shadow cast, which, however, 1s assumed to be small com-
pared to the i1lluminated pixel area due to the limited area
extension of the micro LED used and 1s not perceptible to
the observer.

In one embodiment of the invention, the further compo-
nents arranged on the transparent or translucent carrier
substrate for driving the micro LED are made of at least
partially light-transmissive materials. This relates 1n particu-
lar to the control lines between the optional pixel micro
control unit and the micro LED, which advantageously
consists of a layer composite of electrically conductive
materials that at the same time have a high optical trans-
mittance. For this purpose, for example, structured layers
with carbon nanotubes and transparent, electrically conduc-
tive polymers can be used. Alternatively, transparent con-
ductive oxides (TCQO), such as indium tin oxide, indium zinc
oxide or In,O,, can be chosen for this purpose, for example.

In a turther embodiment, the conductor tracks comprise a
metal layer that 1s opaque, for example. The structures,
which are only a few micrometers wide, can only slightly
reduce the light transmission of the transparent or translu-
cent carrier substrate and can not be visible to an observer.

To turther reduce shadowing, the pixel micro control unit
of the micro LED can be located 1n a pixel edge region above
the optical 1solators between adjacent pixels.

To reduce the depth of construction 1n the viewing direc-
tion, the distance between the semiconductor light emitting
arrangement and the backscattering surface element in the
main radiation direction can preferably be at most one third,
particularly preferably at most one quarter of the pixel
diagonal. This allows the use of flat spacers with corre-
spondingly narrow base areas between the transparent or
translucent carrier substrate and the backscattering surface
clement, which simplify the manufacture of the optoelec-
tronic light emitting device and which additionally serve as
optical insulators between adjacent pixels.

One manufacturing advantage can be that microscopic
spacers are manufactured in a separate microstructuring
process and are placed on the transparent or translucent
carrier substrate 1in a precisely located manner 1n accordance
with the semiconductor light emitting arrangement by means
of an automated microhandling device and bonded to 1t
cohesively. In a subsequent manufacturing step, the
assembled transparent or translucent carrier substrate 1s then
placed on the backscattering surface element.

In order to provide a small distance between the semi-
conductor light emitting arrangement and the backscattering
surface element in connection with a large-area, homoge-
neous illumination of the backscattering surface element, for
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which preferably at least 80% of the area of the pixel emits
with at least 50% of the maximum radiant intensity during
operation, the semiconductor light emitting arrangement
comprises a beam shaping element according to the inven-
tion.

For an exemplary embodiment, a vertically emitting
micro LED 1s used and the beam shaping element comprises
a micro optic that magnifies the divergence of the semicon-
ductor light emitting arrangement. For example, the micro
optic may have a prismatic profile and/or comprise a free-
form cone and/or a lenslet array. Presently, a lenslet array 1s
understood to be a matrix array of micro lenses (or of at least
small lenses) of matching focal length. Alternatively, the
beam shaping element may comprise a nano-optical com-
ponent, for example a waveguide formed as a photonic
crystal. For another exemplary embodiment, a side emitting
micro LED 1s used and the beam shaping element comprises
a combined refractive-reflective micro optic for enlarging
and equalizing the illumination area on the backscattering
surtface element.

According to a further embodiment of the invention, the
surface of the beam shaping element comprises scattering
particles. Alternatively or additionally, a diffuser can be
integrated 1nto the semiconductor light emitting arrange-
ment, the arrangement of which 1s adapted to the radiation
characteristic of the micro LED used 1n such a way that the
light propagation 1s broadened and preferably adapted for a
non-circular 1llumination of, for example, a rectangular area
on the backscattering surface element. Furthermore, radia-
tion-absorbing components can be provided 1n the semicon-
ductor light emitting arrangement to weaken the formation
ol local i1llumination maxima.

It 1s also possible to include a wavelength converter 1n the
semiconductor light emitting arrangement, which leads to
the formation of a micro unit that 1s easier to handle. Such
a design 1s particularly advantageous 1f there are several
micro LEDs with different emission spectra within the
semiconductor light arrangement. This results 1n an alterna-
tive design for the color-differentiated light sources, for
example an RGB arrangement, which are realized by assign-
ing spectrally different wavelength converters for some of
the micro LEDs.

If there are several micro LEDs within the semiconductor
light emitting arrangement, they can be enclosed 1n a com-
mon beam shaping element. As an alternative to this sim-
plified design, a separate beam shaping element can be
provided for each micro LED of the semiconductor light
emitting arrangement so that the 1llumination adjustment can
be fine-tuned.

For a preterred embodiment, the beam shaping element
associated with at least one micro LED 1s spaced from the
backscattering surface element. For this embodiment, the
cavity between the transparent or translucent carrier sub-
strate and the backscattering surface element of a pixel can
be vacuumed or air-filled. Also conceivable 1s a partial or
complete filling of the region between the transparent or
translucent carrier substrate and the backscattering surtace
clement with an optically permeable material comprising
optical scattering materials for an advantageous further
embodiment. This filling forms a light guide and may
comprise an immersion liquid, a film element, for example
of ethylene vinyl acetate copolymer (EVA) or thermoplastic
polyurethane (TPU), or a matenial layer of silicone.

For an advantageous design of the backscattering surface
clement, this has a planar surface at least 1n the pixel-wise
illuminated area. For a preferred design, this 1s diffusely
scattering, whereby for a possible realization a coating with




US 12,095,015 B2

S

titanium oxide particles (110x) 1n a material with a small
refractive index, such as epoxy resin, silicone, polyacrylate
or low refractive glass, 1s present. Alternatively, aluminum
oxide, zirconium oxide and magnesium fluoride or organic
particles such as methyl methacrylate, especially 1n a high
refractive index matrix, can be used.

A directionally reflecting, backscattering surface element,
which can be achieved, for example, by a metal coating, can
be advantageous 1f an optoelectronic light emitting device
that appears black when not 1 use and leads to a high
light-dark contrast i1s to be realized.

For this or other purposes, a layer structure with a
polarizer and a A/4-platelet can be arranged on the trans-
parent or translucent carrier substrate, which 1mtially lin-
carly polarizes scattered light from outside and converts 1t
into circularly polarized radiation. With the directional
reflection, a reversal of the circular polarization occurs, so
that the back reflection through the layer structure 1s pre-
vented alter passing through the A/4 platelet at the polarizer.

According to a further embodiment of the invention, also
claimed herein 1n an independent claim, spacers are disposed
between the transparent or translucent carrier substrate and
the backscattering surface element, which additionally serve
as optical 1solators with respect to adjacent pixels. All of the
teatures recited herein, individually or 1n combination, may
also be provided 1n this further embodiment.

The spacers can thus not only be provided for setting a
defined distance between the carrier substrate and the back-
scattering surface element, but they also serve as optical
1solators between neighboring pixels. Cross talk between
adjacent pixels can thus be reduced or avoided.

A diffuse scattering surface design of the spacers can be
provided, so that they additionally contribute to the homog-
emization of the i1llumination on the backscattering surface
clement. For a preferred embodiment, the backscattering
surface element can comprise a locally adapted reflectivity
within a pixel. If several micro LEDs with different color
characteristics are present 1n a pixel, the choice of coating
for the backscattering surface element can limit a high
degree of retlectivity only to those partial areas for which
there 1s uniform illumination 1n terms of color. The percep-
tibility of spectrally mmhomogeneous illuminated partial
arcas within a pixel can be suppressed by coating or a
surface design of these areas of the backscattering surface
clement with reduced reflectivity. Furthermore, the retlec-
tance of the backscattering surface element of a pixel can be
adapted 1n a graduated manner. Such an embodiment 1is
particularly advantageous 1f, 1 addition, a locally non-
uniform 1llumination intensity is to be compensated.

Exemplary embodiments of the invention are explained
below 1n connection with figure illustrations. These show, in
cach case schematically, the following:

FIG. 1 shows a first variant of an optoelectronic light
emitting device according to the invention.

FIG. 2 shows a second variant of an optoelectronic light
emitting device according to the invention.

FIG. 3 shows a partial section of a third variant of an

optoelectronic light emitting device according to the inven-
tion 1n side view.

FIG. 4 shows a partial section of the third variant of the
optoelectronic light emitting device according to the inven-
tion 1n front view.

FIG. 5 shows a partial section of a fourth vaniant of an
optoelectronic light emitting device according to the mnven-
tion 1n side view.
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FIG. 6 shows a partial section of a fifth variant of an
optoelectronic light emitting device according to the inven-
tion 1n side view.

The 1llustration of the first embodiment of the optoelec-
tronic light emitting device 1 according to the mvention as
shown 1n FIG. 1 1s schematically simplified. The optoelec-
tronic light-emitting device 1 comprises a pixel 2 with

a transparent or translucent carrier substrate 3, on which
a semiconductor light emitting arrangement 4 with at least
one micro LED 3.1, 5.2, 5.3, which extends over a partial
area ol the pixel 2, 1s arranged. Not shown in detail 1s an
optional pixel micro control umt, whereby the functionality
of the pixel control can also be provided 1n a higher-level
device.

Three micro LEDs are shown 1n the example, whereby red
light can be generated by means of micro LED 5.1, green
light by means of micro LED 5.2, and blue light by means
of micro LED 5.3. The example 1s thus an RGB pixel with
three micro LEDs. By controlling the micro LEDs 5.1, 5.2,
5.3 accordingly, a large variety of colors can be produced
according to the RGB color model.

A main radiation direction 6 of the semiconductor light
emitting arrangement 4 1s directed towards a backscattering
surface element 14 arranged behind the transparent or trans-
lucent carrier substrate 3 1n the viewing direction 7. The
main radiation direction 6 thus runs at least essentially
parallel to the viewing direction 7.

For an illustrated pixel 2, a semiconductor light emitting,
arrangement 4 with three micro LEDs 3.1, 5.2, 5.3 1s thus
located on the backside of a transparent or translucent carrier
substrate 3 1n the viewing direction 7. The semiconductor
light emitting arrangement 4 extends only over a partial area
of the pixel 2, so that a backscattering surface element 14
illuminated by the semiconductor light emitting arrange-
ment 4 with the main radiation direction 6 emits large-area
clectromagnetic radiation to the observer through the trans-
parent or translucent carrier substrate 3.

The backscattering surface element 14 comprises a planar
surface with a retlective layer 15 which, for a first embodi-
ment not shown 1n detail, can be diffusely reflective and, 1n
particular, consists of a material composite of a layer mate-
rial with a low refractive index, such as epoxy resin,
s1licone, polyacrylate or a low-refractive glass, and titanium
oxide particles. For a second embodiment shown, a direc-
tionally reflective layer 15 formed by a metallization 1s
present which, 1n order to improve the dark contrast, in
combination with a layer structure of polarizer and A/4-
platelets 22 on the transparent or translucent carrier substrate
3, prevents the light incident from outside from re-emerging.

For homogeneous illumination of the backscattering sur-
face element 14, the semiconductor light emitting arrange-
ment 4 comprises a beam shaping element 8 which encloses
the three vertical emitting 1.e. 1n the main radiation direction
6, micro LEDs 5.1, 5.2, 5.3 by means of a micro optic 9.1,
9.2 increasing the divergence of the semiconductor light
emitting arrangement 4. By amplifying the lateral radiation
of the semiconductor light emitting arrangement 4, a large-
format and uniform illumination of the visible light emitting
area can be achieved even for a small distance between the
transparent or translucent carrier substrate 3 and the back-
scattering surface element 14, so that spacers 23.1, 23.2
formed as microelements can be used between the transpar-
ent or translucent carrier substrate 3 and the backscattering
surface element 14. These are additionally used as optical
insulators to neighboring pixels not shown 1n detail.

The spacers 23.1, 23.2 can be manufactured, for example,
for simplified production of the optoelectronic light emitting
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device 1 according to the invention, to the semiconductor
light emitting arrangement 4 with the micro LEDs 5.1, 5.2,
5.3 correspondingly as micro assembly units by means of a
separate structuring process, then arranged i1n a precise
position on the transparent or translucent carrier substrate 3
and joined with it cohesively.

The beam shaping element 8 enables a reduced distance
between the semiconductor light emitting arrangement 4 and
the backscattering surface element 14 1n the main radiation
direction 6, which 1s preferably at most one third, particu-
larly preferably at most one quarter, of the pixel diagonal,
with a simultaneously large-area, homogeneous 1llumination
of the backscattering surface element 14, for which prefer-
ably at least 80% of the area of the pixel emits with at least
50% of the maximum radiant intensity during operation. To
equalize the spectral emission, a coating with low reflectiv-
ity 24.1, 24.2 1s preferably provided on the partial areas of
the backscattering surface element 14 for which spectrally
inhomogeneous 1llumination 1s present. These partial areas
are shown oversized in the schematically simplified 1llus-
tration for clarnfication, whereby their expansion can be

limited to a small area by means of the beam shaping
clement 8 and a concentrated arrangement of the micro
LEDs 5.1, 5.2, 5.3.

FIG. 2 shows a second embodiment of the optoelectronic
light emitting device 1 according to the invention 1n sche-
matic simplification, whereby the components correspond-
ing to the first embodiment are designated with the same
reference signs. For the embodiment shown, the region
between the transparent or translucent carrier substrate 3,
which carries the semiconductor light emitting arrangement
4 with the micro LEDs 5.1, 5.2, 5.3 and the beam shaping
clement 8 on 1ts backside, and the backscattering surface
clement 14 1s filled with a light-guiding element 25. For this
purpose, an immersion liquid, a foil element, for example
made of ethylene vinyl acetate copolymer (EVA) or ther-
moplastic polyurethane (TPU), or a material layer made of
silicone can be used.

Furthermore, the embodiment shown in FIG. 2 comprises
a spacer 23.3, which 1s placed on or deposited and/or
structured on the backscattering surface element 14. The
spacer 23.3 serves as a support component and for optical
demarcation from an adjacent pixel. In this context, the
spacer 23.3 need not extend over the entire pixel circum-
ference. Instead, at least one optical 1solator 26 1s addition-
ally present on the backscattering surface element 14,
wherein the optical 1solator 26 has a height extension that 1s
optically eflective for the barrier function but does not
extend to the transparent or translucent carrier substrate 3.
For one possible embodiment, the spacer 23.3 and/or the
optical 1solator 26 are formed on the backscattering surface
clement 14 by light-guided electrophoretic deposition (EPD)
or 3D printing.

An advantageously designed micro optic 9.1 of the semi-
conductor light emitting arrangement 4 for micro LEDs 5.1,
5.2, 5.3 1n senes arrangement 1s shown in FIGS. 3 and 4 as
a schematically simplified side and front view. A beam-
widening prism profile 10 1s evident when viewed 1n the
direction of the serial arrangement of the micro LEDs 5.1,
5.2, 5.3.

In addition, the semiconductor light emitting arrangement
4 comprises a diffuser 13, wherein the micro assembly of
micro LEDs 5.1, 5.2, 5.3, diffuser 13 and prismatically
shaped micro optic 9.1 1s attached to the transparent or
translucent carrier substrate 3 by means of a reflective
adhesive layer 12.
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To illustrate the fourth variant, FIG. 5 shows a semicon-
ductor light emitting arrangement 4 with three differently
colored micro LEDs 5.1, 5.2, 5.3 in a triangular arrangement
covered by a micro optic 9.2, which 1s formed as a free-form
cone 11 with scattering particles 16.» on the surface or 1n the
volume. For an embodiment not shown 1n detail, scattering
particles are present i the volume of the micro optic 9.2.

FIG. 6 shows schematically simplified a fifth variant of
the semiconductor light emitting arrangement 4 with three
differently colored micro LEDs 5.1, 5.2, 5.3, which are
designed as side emitters. The beam shaping element 8,
which recerves the light emitted by the micro LEDs 5.1, 5.2,
5.3, comprises a nano-optical waveguide 28 and a combined
refractive-reflective micro optic 27.1, 27.2 laterally con-
nected to 1it.

For turther development of the semiconductor light emit-
ting arrangement 4 not shown 1n detail, this can comprise a
wavelength converter. Further embodiments result from the
following claims.

LIST OF REFERENCE SIGNS

1 optoelectronic light emitting device

2 pixel

3 transparent or translucent carrier substrate
4 semiconductor light emitting arrangement
5.1-5.3 micro LED

6 main radiation direction

7 viewing direction

8 beam shaping element

9.1, 9.2 micro optic

10 prism profile

11 freeform cone

12 adhesive layer

13 diffuser

14 backscattering surface element

15 retlective layer

16.n scattering particles

20 common beam shaping element

22 layer structure of polarizer and A/4 platelets
23.1, 23.2 spacer

23.3 spacer

24.1, 24.2 coating with low reflectivity

25 light guide element

26 optical 1solator

27.1, 27.2 combined refractive-retlective micro optic
28 nano-optical waveguide

The mvention claimed 1s:

1. An optoelectronic light emitting device comprising a
pixel with

a transparent or translucent carrier substrate on which a

semiconductor light emitting arrangement with at least
one micro LED extending over a partial area of the
pixel 1s arranged,

wherein a main radiation direction of the semiconductor

light emitting arrangement 1s directed towards a back-
scattering surface element arranged behind the trans-
parent or translucent carrier substrate 1n viewing direc-
tion; and

the semiconductor light emitting arrangement comprises a

beam shaping element.

2. The optoelectronic light emitting device according to
claim 1, wherein the micro LED i1s configured to be verti-
cally emitting and/or the beam shaping element comprises a
micro optic increasing the divergence of the semiconductor
light emitting arrangement.
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3. The optoelectronic light emitting device according to
claim 2, wherein the micro optic comprises a prism profile
and/or a freeform cone and/or a lenslet array.

4. The optoelectronic light emitting device according to
claim 1, wherein the micro LED 1s configured to be side
emitting and/or the beam shaping element comprises a
combined refractive-reflective micro optic.

5. The optoelectronic light emitting device according to
claiam 1, wherein the beam shaping element comprises
scattering particles on the surface.

6. The optoelectronic light emitting device according to
claim 1, wherein the semiconductor light emitting arrange-
ment comprises a diffuser and/or a wavelength converter.

7. The optoelectronic light emitting device according to
claim 1, wherein the semiconductor light emitting arrange-
ment comprises several micro LEDs with different emission
spectra and/or spectrally different, associated wavelength
converters.

8. The optoelectronic light emitting device according to
claim 7, wherein a common beam shaping clement 1is
associated with the micro LEDs 1n the semiconductor light
emitting arrangement.

9. The optoelectronic light emitting device according to
claim 7, wherein at least one and preferably each micro LED
in the semiconductor light emitting arrangement 1s associ-
ated with a separate beam shaping element.

10. The optoelectronic light emitting device according to
claiam 1, wherein the backscattering surface element com-
prises a planar surface, and/or wherein, i particular for
equalizing the spectral emission, a coating with low retlec-
tivity 1s provided on partial areas of the backscattering

surface element which can spectrally inhomogeneously be
1lluminated.

11. The optoelectronic light emitting device according to
claiam 1, wherein the backscattering surface element 1is
configured to be diffusely scattering.

12. The optoelectronic light emitting device according to
claam 1, wherein the backscattering surface element 1is
configured to be directionally reflective and a layer structure
with a polarizer and a A/4 platelet 1s arranged on the
transparent or translucent carrier substrate.
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13. The optoelectronic light emitting device according to
claim 1, wherein control lines between a pixel micro control
unit and the micro LED consist of a transparent or translu-
cent material.

14. An optoelectronic light emitting device comprising a
pixel with

a transparent or translucent carrier substrate on which a

semiconductor light emitting arrangement with at least
one micro LED extending over a partial area of the
pixel 1s arranged,

wherein the main radiation direction of the semiconductor

light emitting arrangement 1s directed towards a back-
scattering surface element arranged behind the trans-
parent or translucent carrier substrate 1n viewing direc-
tion,

in particular light emitting device according to claim 1,

wherein spacers are arranged between the transparent or

translucent carrier substrate and the backscattering sur-
face element, which additionally serve as optical 1nsu-
lators with respect to adjacent pixels.

15. A method for manufacturing an optoelectronic light
emitting device according to claim 1,

wherein a pixel micro control unit and control lines

extending therefrom are applied to a transparent or
translucent carrier substrate to form a pixel; and

at least one micro LED and at least one beam shaping

clement are connected to form a semiconductor light
emitting arrangement which 1s fixed to the transparent
or translucent carrier substrate and 1s electrically con-
tacted with the control lines, the semiconductor light
emitting arrangement extending over a partial area of
the pixel; and

wherein spacers are arranged on the transparent or trans-

lucent carrier substrate; and

in a subsequent manufacturing step, the equipped, trans-

parent or translucent carrier substrate 1s connected to a
backscattering surface element 1n such a way that the
backscattering surface element 1s arranged behind the
transparent carrier substrate 1 viewing direction and
the main radiation direction of the semiconductor light
emitting arrangement points towards the backscattering
surtace element.
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